The growth of clones of lexA mutant that the activated form could be a protease that has specificity for certain target proteins in the cell, including phage repressor and DNA metabolic enzymes (L. J. Gudas and D. W. Mount, Proc. Natl. Acad. Sci., U.S.A., in press). It has been proposed that the lexA product is a repressor of recA protein synthesis, that this repressor is inactivated in induced cells, and that lexA mutations render the repressor resistant to inactivation (Gudas and Mount, in press). The kxA product has not been identified, but observations of the dominance of the lexA mutation over lexA+ and the range of its pleiotrophic effects (7, 9) strongly support the proposition that the lexA mutation affects an important regulatory gene product.
The growth of clones of lexA mutant and lexA+ cells was analyzed. During normal growth lexA mutant clones frequently divided early, producing smaller newborn cells than the lexA+ clones. Some newborn cells in the lexA clones did not elongate or divide at all, a response that was never observed in the lexA+ clones. When starved for thymidine, most of the lexA mutant clones elongated and subsequently divided. The majority of lexA+ clones also elongated but did not divide. The above results suggest that one of the functions of the lexA+ gene is coordination of DNA repair with cell division.
lexA mutants are sensitive to ultraviolet light and a variety of agents that damage DNA (7) . Like recA mutants, they appear to be defective in the coordinated expression of a set of inducible functions, which have been named the SOS functions because they are thought to represent an emergency response to extensive DNA damage. These include the pathways for prophage induction, induced mutagenesis, and an induced inhibition of cell division (for review, see reference 9).
The lexA gene regulates the induction of a particular protein species (protein X) (4) mutant strains appear to be defective in cell division. They form filaments at 42°C and carry a suppressor mutation designated tsl that is tightly linked to the original lexA mutation at 90 min on the Escherichia coli linkage map (1) and is thought to affect the activity of the lexA product (8 Single-cell clonal growth. Cultures were adapted for growth in CDM medium for 30 generations and then grown to stationary phase in CDM medium. Samples for growth with TdR were centrifuged, and the pellet was washed at 3°C, suspended in one-fifth the volume of CDM medium, and used as the sample for clonal growth with TdR. If the cells were to be starved for TdR, the cultures were treated the same way except that the stationary-phase culture was diluted 1/20 into CDM medium and grown to log phase (2 x 101 cells/ml). The log-phase culture was centrifuged, and the pellet was washed at 3°C and suspended in Davis minimal medium lacking nutrients. The centrifugation and suspension process was repeated twice, and the pellet was (Fig. 1) and lexA mutant clones growing in the presence of thymidine were of this type. We conclude that regulation of division with respect to cell length is abnormal in lexA mutant cells.
A small percentage of premature divisions was observed in the lexA clones during normal growth (thymidine present; Table 2 ). There were also fewer delayed divisions compared with those of lexA+ clones. These results indicate that lexA cells often divide at a shorter cell length yielding abnormally short newborn cells. Moreover, we observed that some of the newborn cells in the lexA clones (8 out of 119, 7%) did not elongate or divide again, whereas there were no newborn lexA+ cells of this type (0 out of 86).
DISCUSSION
These results leave little doubt that the lexA gene has an important regulatory influence on cell division. The overall effect of a lexA mutation is that cell division will often occur under inducing conditions that are inhibitory for wildtype cells. A similar effect of recA mutations on cell division has been described (2, 6) . These effects have been observed under conditions of thymidine starvation, but presumably represent a general cellular response to inhibition of DNA synthesis. During normal growth, lexA cells appear to divide prematurely before reaching the cell length at which division usually occurs in wild-type cells. A small percentage of the progeny cells fail to elongate and divide again, implying that they have no chromosome or a defective chromosome, as has been described previously for recA, recB, and recC mutants (2) . Liquid cultures of lexA mutants contain a low percentage of cells that lack DNA and, based upon our present observations, it seems likely that these arise from abnormal cell divisions. Most thymidine-starved lexA mutant cells continue to divide, whereas most lexA+ cells stop dividing. Up to 20% of the lexA cells formed under these conditions lack DNA (5) and probably arise from these abnormal divisions.
Because of the similarities of lexA to recA mutants with regard to both cell division and DNA repair defects and the evidence that the lexA gene regulates the level of the recA protein (see above), we propose that the cell division defects in lexA mutants result from an abnormal regulation of recA protein synthesis.
George et al. (3) have proposed that an inhibitor of cell divisions, termed RADI, is produced in induced cells. Possibly, RADI is the activated recA gene product, which purportedly could be a highly specific protease that attacks a positive regulatory protein for cell division, with a resulting inhibition of cell division. Induced recA mutants may accumulate more positive regulator than recA+ cells because the protease is inactive, leading to a stimulation of cell division. recA protein synthesis is not amplified in induced lexA mutants (4; Gudas and Mount, in press). The resulting low levels of the recA protease could again lead to an accumulation of the positive regulator. Even in normally dividing lexA+ cells, a background level of inactivation of regulator by recA protein might occur and could be important in regulating cell division. The premature divisions observed in nonnally growing lexA mutant clones might be explained by increased amounts of the regulator resulting from lower levels of recA protease and a slower rate of regulator inactivation in uninduced cells.
The presumptive positive regulatory protein for cell division might act on any one of a variety of processes that are known to influence cell DNA REPAIR AND CELL DIVISION division, including rates of cell elongation, DNA replication, DNA repair, and chromosome segregation.
Our experiments argue strongly that a metabolic pathway exists for the coordination of cell division with inducible DNA repair and that the lexA and recA (2) gene products play a significant role in the regulation of this pathway. These products appear to inhibit the operation of the pathway in cells with damaged chromosomes. Presumably, this inhibition permits time for the induction and operation of the DNA repair processes.
